Urinary bladder cancer (UBC) is one of the most common urogenital malignancies. Cancer stem-like cells (CSCs) play a vital role in tumor development and recurrence. Long noncoding RNAs (lncRNAs) are reported to influence cancer progression via transcriptional, posttranscriptional or epigenetic regulation. Dysregulation of several lncRNAs has been implicated in UBC. In our study, we found that an uncharacterized lncRNA, ASAP1-IT1, was overexpressed in UBC tissues compared with adjacent non-malignant tissues. High ASAP1-IT1 expression levels in UBC specimens were correlated with advanced tumor stage, higher clinical stage, poor pathological differentiation and bad overall survival. We further found that depletion of ASAP1-IT1 in T24 cells by RNA interference reduced the stemness of bladder cancer, whereas forced overexpression of ASAP1-IT1 in J82 cells enhanced cancer cell stemness by sphere assay, ALDEFLUOR and flow cytometry assay on CD44 + population. Our data suggest that ASAP1-IT1 plays an oncogenic role in bladder cancer and can be used as a potential prognostic and therapeutic target.
Urinary bladder cancer is one of the most common urogenital malignancies, with estimated 76,690 new cases and 16,390 deaths in USA during 2016 [1] . More than 90% of bladder cancers are urothelial cancer. Among them, 70-80% of bladder cancers are non-muscle invasive tumor (NMIBC), with frequent mutations of FGFR3 and H-RAS. 20-30% of bladder cancers are muscle invasive tumor (MIBC), with high mutations of p53 and Rb. The latter group has very poor prognosis, with five-year survival <50% and common progression to metastasis. The medium survival is 12-15 months for metastatic patients. Importantly, 10-15% of NMIBC patients will eventually progress to invasion [2, 3] . Although great improvements in diagnosis and therapy for UBC have been made, the direct cost of UBC per patient ranks first among all cancers [4, 5] .
In recent years, cancer stem-like cells (CSCs) have been found in a variety of human malignancies, including breast and lung cancer [6] . CSCs, which have the principal properties of self-renewal, clonal tumor initiation capacity and clonal long-term repopulation potential, only account for a small proportion of all tumor cells within heterogenous tumor mass [7] . However, CSC population plays a vital role in tumor initiation, progression, metastasis, chemoresistance, and recurrence. Many specific markers are used to identify, characterize and isolate CSCs. The phenotypic and functional properties of CSCs from UBC tissues have been well studied [8, 9] . Several proteins, such as CD44, ALDH1A1, and CK5/14 are characterized as CSC markers of UBC. High expression levels of these markers in tumor tissues are correlated with poor prognosis of UBC patients [10, 11] .
LncRNAs are generally defined as RNA transcripts longer than 200 nucleotides with no protein-coding potential. Recent reports suggest that lncRNAs play an important part in human cancers, which influence all the "hallmarks of cancer" [12, 13] . The regulatory role of lncRNAs in normal stem cells has been well investigated [14] . As CSCs share some properties with normal stem cells, lncRNAs may also influence the state of CSCs [15] . Some oncogenic lncRNAs, such as MALAT-1, DANCR and HOXA11-AS, have been reported to enhance stem-cell like properties and promote cancer progression in pancreatic cancer, hepatocellular carcinoma and cervical cancer cells, respectively [16] [17] [18] .
Human chromosome 8q24 is frequently amplified in UBCs [19] . Though on this chromosome region several oncogenes, such as c-Myc and ASAP1, have been associated with tumor metastasis and poor cancer survival [20, 21] , only a few lncRNAs, such as PVT1 and PRNCR1, in this region have been implicated in cancers [22, 23] . So far we know little about the alteration of lncRNAs at 8q24 in UBC patients. LncRNA ASAP1-IT1, with full length of 1,179 bp, is an intronic transcript of the ASAP1 gene. Few reports have demonstrated its role in cancer development to date.
In the present study, we identified the overexpression of ASAP1-IT1 in human UBC samples and cell lines, and its overexpression was correlated with advanced tumor stage and high clinical stage. In essence, high expression level of ASAP1-IT1 predicted poor clinical outcome in UBC patients. By knockdown and overexpression of ASAP1-IT1 in human UBC cells, we proved that ASAP1-IT1 plays a pivotal role in regulation of UBC stemness. Thus, ASAP1-IT1 may be a potential prognostic biomarker for UBC diagnosis and therapy.
Patients and methods
Patients and specimen collection. Fifty-eight UBC patients who received radical cystectomy at Drum Tower Hospital affiliated to Nanjing University were included in the study. The patients had not been treated with chemotherapy or radiation therapy before surgery. Clinicopathological data such as age, gender, histological differentiation, lymph nodal status, and pathological stage were obtained at the same time. UBC specimens and adjacent normal tissues, which were at least 3 cm far away from cancer lesions were obtained and immediately frozen in liquid nitrogen and stored at -80 °C until later use. The protocols were approved by the Ethics Committee of Drum Tower Hospital for tissue sample collection and informed consent was obtained from all subjects.
Cell culture. Human UBC cell lines (T24, J82, UMUC3, RT4 and 5637) were purchased from the Cell Bank of Type Culture Collection, Chinese Academy of Science (Shanghai, China). Cell lines were maintained in RPMI 1640 medium (Life Technologies), supplemented with 10% FBS (Hyclone Laboratories, South Logan, UT, USA) and 100 units/ml penicillin and 100 μg/ml streptomycin at 37 °C with 5% CO 2 .
Sphere formation assay. About 1.0×10 4 UBC cells per well were trypsinized, washed and seeded in the 6-well ultra-low attachment plates (Corning, Steuben County, NY, USA) in DMEM/F12, supplemented with 10 ng/ml EGF (PeproTech, AF-100-15, Rocky Hill, NJ, USA) and 10 ng/ml human recombinant bFGF (PeproTech, 100-18B, Rocky Hill, NJ, USA).
After culturing for 5-7 days, spheres were photographed and counted for sphere with diameter ≥ 50 µm.
Flow cytometry. T24 and J82 cells with high ALDH enzyme activity were identified by ALDEFLUOR kit (Stem Cell Technologies, Vancouver, Canada). 5 µl of activated ALDEFLUOR reagent was added to 1 ml single cell suspension and mixed well. An ALDH-specific inhibitor, Diethylaminobenzaldehyde (DEAB), was added to 500 µl of the cell suspension prior to staining as a negative control. The two parts were incubated at 37 °C for 40 min. CD44 (BD Biosciences, San Jose, CA, USA, 1:25 dilution) was added to cells suspended in PBS/0.5% BSA and incubated for 15 min at 4 °C. Then results were analyzed on a BD FACScan flow cytometer.
Small interfering RNA transfection. Small interfering RNA (siRNA) transfection was conducted using Lipofectamine ® 3000 Reagent (Invitrogen, Carlsbad, CA, USA), according to the manufacturer's instructions. siRNAs were synthesized by Shanghai Genepharma Co.,Ltd and their sequences were shown as follows:
Plasmid construction and transfection. For ASAP1-IT1 overexpression, we cloned ASAP1-IT1 full length into lentiviral expression vector pCDH. For cell transfection, 1 μg plasmid (pCDH-ASAP1-IT1) or empty vector, were transfected into cells using Lipofectamine ® 3000 Reagent (Invitrogen, Carlsbad, CA, USA), according to the manufacturer's instructions.
RNA isolation and quantitative reverse transcriptionquantitative PCR. Total RNA of cultured cells or tissues was isolated using TRIzol reagent (Invitrogen). RNA was reverse transcribed into cDNA by Prime-Script RT-PCR kit (TaKaRa, Dalian, China) as manufacturer's instructions. The expression levels of genes were measured by qRT-PCR using SYBR Green in an ABI 7500 StepOne Plus Real Time PCR instrument (Applied Biosystem, USA). The primer sequences used for qRT-PCR were as follows: for ASAP1-IT1, 5'-AAACATCATCCCCAGAGTGG-3' (forward), 5'-GCCTTGCTCACCTCTGAAAC-3' (reverse); for ALDH1A1, 5'-CTGTGTTCCAGGAGCCGAAT -3'(forward), 5'-TGCCTTGTCAACATCCTCC TTA-3' (reverse); for CD44, 5'-CTGCCGCTTTGCAGGTGTA-3' (forward), 5'-CATTGTGGGCAAGGTGCTATT-3' (reverse); for β-Actin, 5'-TCTGGCTGAGGCTGGTTGAC-3' (forward), 5'-CTCCTTAATGTCACGCACGAT-3' (reverse). The relative expression levels of genes were calculated by using the 2 -ΔΔCt method in which higher 2 -ΔΔCt reflected higher expression.
Protein extraction and Western blot analysis. Cells were lyzed in RIPA buffer. 20 μg proteins in the lysates were separated by SDS-PAGE and transferred onto PVDF membrane (Millipore, Billerica, MA, USA). After blocking with 5% non-fat milk in PBST, the primary antibodies for ALDH1A1 (Proteintech Group, 22109-1-AP, Chicago, IL, USA), CD44 (Cell Signaling Technology, #3570, Beverly, MA, USA) and β-Actin (Bioworld Technology) were used. The membranes were then washed with PBST three times and incubated with horseradish peroxidase (HRP)-conjugated secondary antibody. The Western blots were visualized using the enhanced chemiluminescence reagents (Millipore, WBKLS0100).
Statistical analysis. Data were analyzed by SPSS 19.0 software (SPSS, Chicago, IL, USA). Each experiment was repeated three times. The difference of ASAP1-IT1 expression level between cancer tissues and corresponding normal tissues was analyzed by paired t test. Student's t test was used to analyze other differences between two groups. The χ 2 test was used to compare the associations between ASAP1-IT1 expression and clinicopathologic variables of the UBC samples. The postoperative survival curves were calculated using the Kaplan-Meier method and differences in the survival rates were analyzed using the log-rank test. Data were presented as mean ± standard deviation. The statistical significance was defined as a p < 0.05. All graphs were plotted using GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA, USA).
Results

ASAP1-IT1 was upregulated in UBC tissues and cell lines.
ASAP1-IT1 expression level in 58 pairs of UBC and adjacent normal tissues was tested by quantitative real-time PCR. ASAP1-IT1 was overexpressed in most UBC tissues, compared to corresponding normal tissues (p < 0.01; Figure 1A ). We further tested ASAP1-IT1 expression level in 5 UBC cell lines. High expression of ASAP1-IT1 was found in all of these cell lines compared to 4 normal urothelial tissues ( Figure 1B) .
High expression of ASAP1-IT1 in UBC was correlated with poor prognosis. Among the 58 pairs of UBC samples and adjacent normal tissues, the medium expression level of ASAP1-IT1 (cancer tissues compared to adjacent normal tissues) was 1.42, which was used as the cut-off value to determine low or high ASAP1-IT1 expression. The correlation between ASAP1-IT1 expression level and UBC patients' clinicopathological parameters was analyzed. Higher ASAP1-IT1 expression levels were significantly associated with higher pathological TNM stage (p = 0.017), more tumor invasion (p = 0.014) and poor pathological differentiation (p = 0.025). However, no significant differences existed with respect to age, gender, nerve invasion, vascular invasion, lymph node metastasis(p = 0.16; Table 1 ).
Overall survival curve of patients who underwent radical cystectomy was shown in Figure 1C . Patients in high ASAP1-IT1 expression group had significantly shorter survival time compared with those in low expression group (p = 0.01). Medium overall survival times for ASAP1-IT1 high and low groups were 16 months and 36 months, respectively ( Figure  1C ). Univariate and multivariate analyses of patient overall survival were performed (Table 2 ). Both analyses revealed that ASAP1-IT1 was an independent prognostic indicator for overall survival of patients with UBC. whether ASAP1-IT1 would influence the stemness of UBC. Results mentioned above indicated that ASAP1-IT1 was relatively overexpressed in T24 and relatively underexpressed in J82 among all 5 UBC cell lines examined ( Figure 1B) .
To further characterize the role of ASAP1-IT1 in UBC cells, we knocked down ASAP1-IT1 by 2 different siRNAs in T24 cells (Figure 2A ). In these two groups, we found that depletion of ASAP1-IT1 significantly reduced the sphere number by sphere formation assay ( Figure 2B ). The sizes of spheres in two ASAP1-IT1 knockdown groups were also smaller than those in control group ( Figure 2C ). As ALDH high or CD44 + cancer cell subpopulations were generally considered as CSC population in multiple cancers, we examined the CSCs population changes in UBC cells by flow cytometry, when ASAP1-IT1 was knocked down. Compared with control group, ASAP1-IT1 depletion significantly and remarkably reduced the ALDH high population, from 11.4% to 5.1% and 5.4% ( Figure 2D and Supplementary Figure 1A) . The CD44 + subpopulation was also reduced from 21.7% to 1.93% and 1.96% ( Figure 2E ). The expression levels of ALDH1A1 and CD44, two CSC markers for UBC, were both decreased at mRNA and protein levels in ASAP1-IT1 knockdown group ( Figure 2F and 2G) . Taken together, the results above showed that ASAP1-IT1 is required for UBC cell stemness.
Overexpression of ASAP1-IT1 enhanced stemness of bladder cancer. To further confirm the effects of ASAP1-IT1 on UBC cells, we re-introduced ASAP1-IT1 in J82 cells, which showed a relatively low expression level of ASAP1-IT1 (Figure 1B) . The expression level of ASAP1-IT1 in experimental group is about 6 folds higher than control vector group by qRT-PCR assay ( Figure 3A) . ASAP1-IT1 overexpression in J82 cells increased sphere number and sphere size significantly ( Figure 3B and 3C ). More ALDH high ( Figure 3D and Supplementary Figure 1B ) or CD44 + ( Figure 3E ) subpopulation were detected in J82 cells with ASAP1-IT1 overexpression. Consistently, high ASAP1-IT1 level increased the expression levels of ALDH1A1 and CD44 in J82 cells ( Figure 3F ). Overall, our data support that ASAP1-IT1 is sufficient and necessary for the maintenance of UBC cell stemness. 
Knockdown of ASAP1-IT1 inhibited UBC cell stemness.
As cancer stemness is involved in cancer progression, recurrence, metastasis and chemoresistance, we further detected
Discussion
In this study we identified an unknown lncRNA, ASAP1-IT1, which is overexpressed in human UBC specimens. Its overexpression was positively correlated with UBC tumor stage, clinical stage and poor overall survival of patients. We also proved that ASAP1-IT1 is sufficient and necessary for maintenance of UBC cell stemness.
ASAP1-IT1 is located at human chromosome 8q24, which is one of the most commonly amplified regions in multiple cancers [19, [24] [25] [26] . In UBC patients, its amplification was detected in 9% of primary tumors (n=131) and 33% of dis- tant metastases (n=18) [19] . Moreover, genome-wide SNP association studies have also revealed that sequence variant on 8q24 is associated with UBC risk [27] . In this region, oncogene c-Myc is one of the most investigated genes, which is strongly associated with high tumor grade and advanced tumor stage in UBC patients [28] . However, few studies focused on the biological role of lncRNAs at 8q24 in UBC progression.
A multitude of lncRNAs have been found to be expressed aberrantly and involved in the development of various human cancers, including UBC [29] . Recent studies identified cancer associated lncRNAs involved in many aspects of cancer hallmarks [12] . For instance, in UBC samples, lncRNAs, such as PANDA, H19, NEAT1, SUMO1P3, HOTAIR and SPRY4-IT1, are overexpressed in tumor tissues and correlated with advanced tumor stage and poor prognosis. These lncRNAs are demonstrated to promote UBC cell proliferation or metastasis [30] [31] [32] [33] [34] [35] . Our lab has also demonstrated that cancer-associated fibroblasts secret TGF-β1 to induce EMT in UBC cells through directly inducing lncRNA-ZEB2NAT [36] . On the contrary, some lncRNAs, such as BANCR, GAS5 and DBCCR1-003 are downregulated in UBC specimens, working as proliferation or metastasis inhibitors [37] [38] [39] . Although a few lncRNAs (H19, MALAT-1, DANCER, HOXA11-AS and FOXF1-AS1) have been reported to be correlated with cancer stemness [16-18, 40, 41] , to our knowledge, no lncRNAs have been identified to regulate UBC cell stemness to date.
Herein, we confirmed that lncRNA ASAP1-IT1 is necessary and sufficient to enhance UBC cell stemness, with the altered expression levels of CSC markers, CD44 and ALDH1A1. CSCs are believed to contribute to UBC recurrence, metastasis and chemotherapy failure [42] . Several CSC markers are used in UBC, for example, cell surface markers (CD44 and 67LR) and cytokeratins (CK5, CK14 and CK17) [9] . CD44, a cell surface glycoprotein, is used as CSC marker in many kinds of cancers, such as breast cancer, prostate cancer, colon cancer, liver cancer [43] . Recent studies found that the tumorigenic potential of CD44 + UBC cells was 10-200 times greater than that of CD44 − cancer cells. In addition, CD44 + UBC cells fulfilled all of the functional criteria of CSCs [10] . Aldehyde dehydrogenase 1A1 (ALDH1A1) is another promising marker for bladder CSCs. Greater clonogenicity and tumorigenicity for ALDH1A1 + UBC cells compared to ALDH1A1 − cells was demonstrated by using an in vitro sphere formation assay and in vivo xenograft assays [11] . Besides, patients with high expression level of ALDH1A1 were four times more likely to experience tumor progression and decreased cancer-specific and overall survival than patients with low expression level of ALDH1A1 [11] .
During preparation of this manuscript, Fu and colleagues reported that ASAP1-IT1 was highly expressed in low grade tumors and early stage of ovarian cancer, compared to high grade tumors and late stage disease. Its overexpression was associated with favorable overall survival of ovarian cancer patients [44] . The mechanism of how ASAP1-IT1 regulates ovarian cancer cells remains unresolved. Herein, we found that high expression of ASAP1-IT1 in UBC was positively associated with advanced tumor stage and predicted poor overall survival. Such clinical relevance was also supported by the notion that ASAP1-IT1 expression is sufficient and essential for maintenance of UBC stemness (Figure 2 , Figure 3 and Supplementary Figure 1) . Though it is not consistent with the association of ASAP1-IT1 with the clinicopathological parameters of ovarian cancers, the different expression changes of lncRNAs in different cancer types are not rare. For example, MALAT1, a long coding RNA which is overexpressed in liver, lung, colon, cervical cancer, is underexpressed in glioma samples [45] . Therefore, the roles of specific lncRNA in cancer cells may be dependent on cellular context.
As lncRNAs are large in size and have complicated and diversified structures, they have several regulatory capacities. First, lncRNAs take part in transcriptional and epigenetic regulations. They act as decoys, activators, guides, or scaffolds for their interacting proteins, such as histone modifier and transcription factors. Second, lncRNAs are important players in posttranscriptional regulation, such as reservoirs of microRNAs, mRNA editor, and mRNA splicing regulators [46, 47] . Further study on the mechanism underlying the regulation of CSC maintenance by ASAP1-IT1 is warranted.
In conclusion, we are the first to demonstrate that ASAP1-IT1 was overexpressed in human UBC specimens. Overexpression of ASAP1-IT1 was correlated with advanced tumor stage, higher clinical stage, poor pathological differentiation and predicted poor clinical outcome. ASAP1-IT1 is sufficient and necessary for maintenance of UBC stemness. Large-scale and long-term follow-up studies are encouraged to confirm the significance of this potential biomarker in UBC.
